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Parallels exist between drug-induced QT/QTc prolongation and shortening. However, these parallels are largely superficial and
the experience with drug-induced QTc prolongation and its potential proarrhythmic link cannot be directly applied to
drug-related QTc shortening. The congenital short QT syndrome (SQTS) is clearly much less prevalent than congenital, long
QT syndrome, possibly some 1000 times. If the same discrepancy exists between arrhythmic susceptibility to drug-induced QTc
prolongation and shortening, it is questionable whether regulatory burden should be imposed on drugs that might cause
serious arrhythmia, once in many millions of exposures. Further, majority of torsadegenic drugs block the IKr current which is
susceptible to the drug blockade because of the corresponding channel geometry. There is no parallel known for drug-induced
QTc shortening. Also, all drugs that prolong QTc interval massively cause torsade de pointes tachycardia in more than
exceptional isolated instances. On the contrary, digitalis that causes substantial QTc shortening is not known to trigger
frequently ventricular arrhythmias. Moreover, most available population QTc data were obtained with Bazett’s correction which
produces erroneous QTc shortening at slow heart rates. Safety limits derived from such data are inappropriate. Because
practically all new drugs undergo the so-called thorough QT study, drug-induced QTc shortening will not go unnoticed for any
new pharmaceutical. Describing drug-related QTc shortening in the label seems sufficient to avoid treatment of the rare SQTS
subjects. Intensive investigations of QTc-shortening drugs (similar to those of drugs with positive thorough QT studies) do not
seem to be warranted.
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This article is a commentary on Shah, pp. 58–69 of this issue and is part of a themed section on QT safety. To view this
issue visit http://www3.interscience.wiley.com/journal/121548564/issueyear?year=2010

Introduction

In his review on the potential implications of drug-induced
QT interval shortening, Shah (2010) proposed a number of
fairly plausible hypotheses and reasonably convincing theo-
ries. Unfortunately, as reviewed in this paper, the data sup-
porting these theories and suggestions are either missing or
potentially disputable. With equal persuasion, arguments can
easily be proposed for the exact opposite. Because of this, a
broader discussion of the concept of drug-induced QT interval
shortening and of its implications for drug approval, there-
fore, seems to be warranted. Indeed, several aspects in Shah’s
review deserve deeper thought and consideration. As I will
discuss below, the major problem, at present, with the

concept of drug-induced QT shortening is the lack of system-
atic data and established facts. The area is therefore largely
speculative. Thus, to facilitate the discussion, this paper sets
out to argue the very opposite view.

Relationship to drug-induced QT prolongation

It has been well established that the potential for causing
Torsade de Pointes (TdP) tachycardia should be fully assessed
for drugs, which are found to prolong the heart rate corrected
QT (QTc) interval. At the same time, it is also well known
that QTc interval prolongation per se is not the core of the
problem. Rather, drug-induced QTc prolongation is used in
the regulatory review as a reasonable (and at present, the only
practical plausible) clinical surrogate of drug-induced increase
in repolarization heterogeneity, which is likely to be the true
culprit and the true object of our concern. The surrogate is not
perfect. While it is true that all the drugs that have so far been
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identified as causing TdP-type pro-arrhythmia in a meaning-
ful number of cases do prolong the QTc interval substantially
at high doses (e.g. when overdosed), there are also other
compounds that cause some marginal QTc prolongation
without inducing meaningfully frequent TdP pro-arrhythmia.

The frequency of the drug-related pro-arrhythmic episodes
is actually of substantial importance. With some exaggera-
tion, one can claim that every chemical more complex than
sodium chloride or glucose will eventually lead to TdP or
some other pro-arrhythmia in isolated cases of particularly
sensitive individuals. In other words, the distinction between
pro-arrhythmic and ‘safe’ drugs is not black and white.
Rather, the incidence of pro-arrhythmic episodes creates a
grey spectrum between drugs that cause pro-arrhythmia fairly
frequently (e.g. quinidine; Selzer and Wray, 1964; Roden et al.,
1986) and drugs that are very ‘safe’ and cause TdP only in very
isolated instances (e.g. fexofenadine; Pinto et al., 1999; Pratt
et al., 1999). Therefore, in addition to any risk–benefit con-
siderations specific to individual drugs, a general threshold of
regulatory ‘awareness’ must exist to decide on the highest
frequency of pro-arrhythmia incidence that can be reasonably
ignored during the approval of any drug. Otherwise, even
drugs that cause pro-arrhythmia in extremely rare cases (i.e. a
number of very safe drugs) would need to be correspondingly
labelled with obvious counterproductive consequences.
Hence, the regulatory discussion needs to distinguish
between the ‘blame’ on the side of the drug and the unfortu-
nate circumstance on the side of the very rare individual
susceptibility. The awareness threshold must of course be
fairly low to allow the pro-arrhythmic potential below the
threshold to be ignored during drug approval. Only drugs that
cause pro-arrhythmia more frequently than the threshold
need to have their approval based on risk–benefit consider-
ations (i.e. as far as their torsadegenic potential is concerned).

Thus, arguments about the number of drugs that have been
reported to cause QTc prolongation have little if any meaning
unless the distinction is made between those that cause
pro-arrhythmia more frequently and those that cause
pro-arrhythmia in isolated instances. Because of the present
advances in the precision of electrocardiographic measure-
ments, and because cardiac repolarization can be influenced
by autonomic changes and many other mechanisms, some
drug-induced QTc changes are likely to be found with many
completely harmless compounds.

There are presently no studies and/or established knowl-
edge that would offer the same link between QTc shortening,
arrhythmia occurrence and a relevant threshold of regulatory
awareness. While it is plausible to speculate that similar to QT
interval prolongation, QT interval shortening might also
increase the repolarization heterogeneity; this is far from
established and could be entirely false. It is equally plausible
to propose that drugs that shorten the QTc interval actually
make the repolarization of different regions and strata of the
ventricular myocardium more synchronized and less hetero-
geneous. Abolishing the prolonged action potential duration
in the mid-myocardial regions that has been proposed to
account for most of the repolarization heterogeneity should
indeed make the repolarization process more uniform and less
prone to after-depolarization or other arrhythmia-triggering
phenomena.

Congenital syndromes

Shah is correct to point out that only a minority of subjects
who experience drug-induced TdP pro-arrhythmia have been
found to have known mutations of the congenital long QT
syndrome (LQTS) type. It is of course also possible that so far
undiscovered and unique mutations exist, making the
patients more susceptible to TdP episodes. It is also true that
most patients who experience drug-triggered TdP and who
do not have an established LQTS mutation have other
predisposing factors, making them more susceptible to
increased repolarization heterogeneity, such as heart failure or
chronic renal insufficiency. As the patients with heart failure
and the patients with chronic renal insufficiency tend to have
longer QT intervals (Voiculescu et al., 2006; Breidthardt et al.,
2007; Madias, 2007; Watanabe et al., 2007; Kolo et al., 2008),
it is far from obvious whether drug-induced QTc shortening
would have the same epidemiological dimensions. It is just as
likely that in patients with diminished repolarization reserve,
shortening the action potential durations would make myo-
cardial repolarization more stable. Hence, drugs that shorten
ventricular repolarization might easily be beneficial to
patients who are prone to arrhythmic episodes without con-
genital abnormality of myocardial ionic channels. For
instance, in randomized controlled studies in patients with
advanced chronic heart failure, atorvastatin was observed to
shorten QTc interval (Vrtovec et al., 2005; Xie et al., 2009)
while having clear beneficial effects.

Shah is also very right that the incidence of congenital
short QT syndrome is presently practically unknown. Never-
theless, it seems obvious that the syndrome is substantially
less prevalent than the congenital LQTS, easily by several
magnitudes; last year, only a few tens of patients were
reported to be diagnosed with congenital short QT syndrome
worldwide (Zareba and Cygankiewicz, 2008). Consistent with
population reports (Reinig and Engel, 2007), the incidence of
clinically manifested congenital short QT syndrome is likely
to be below one case in millions (i.e. some thousand times
rarer than the congenital LQTS) (Zareba and Cygankiewicz,
2008). Indeed, in a study of more than 6.5 million ECG
recordings from more than 1.7 million individuals, Iribarren
et al. (2009) found long QTc intervals 511 times more fre-
quently than short QTc intervals. Moreover, the majority of
findings of the short QTc intervals were sporadic (i.e. other
tracings in the same individual did not show the short QT).
Only in one person (out of >1.7 million!) did they observe
multiple short QTc readings.

Assuming that Shah is right and that there is a relationship
between the congenital abnormalities and the incidence of
drug-induced pro-arrhythmia, we need then to consider the
question of an appropriate regulatory awareness threshold.
Presently, the threshold of regulatory awareness or QTc pro-
longation set in the E14 guidance (ICH, 2005) is fairly low.
Indeed, it needs to be so as, when considering biomarkers of
drug safety, our tolerance for false positives is (and should be)
much higher than our tolerance for false negatives. Thus, the
E14 threshold translates approximately into the requirement
to scrutinize compounds intensively if they might cause TdP
pro-arrhythmia in more than about 1 in 105 to 106 exposures
(Malik, 2003). This level of the threshold is based on the
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reported TdP incidences with drugs that, under therapeutic
doses, lead to QTc prolongation just above the E14 threshold.
Naturally, differences between reported incidences, true clini-
cally manifested incidences and total incidences, including
asymptomatic episodes need to be considered and can only be
approximated. Nevertheless, the same would most likely
apply to pro-arrhythmia caused by both QT lengthening and
shortening.

Hence, considering the proportions between the incidence
of congenital long QT and congenital short QT syndromes, it
is highly questionable whether there should be any regulatory
discussion about compounds that might lead to one fatal case
of arrhythmia in many millions or tens of millions of expo-
sures. Clearly, no patients should be subjected to undue risk if
it can be avoided, but is seems more appropriate and much
more practical (economically and otherwise) to identify the
rarely occurring families with congenital short QT syndrome,
and to treat them with all due safety rather than to impose yet
another regulatory hurdle on all the broad spectrum of new
chemical entities in pharmaceutical development. As dis-
cussed further, simple statement of QT shortening in the label
seems to be quite enough, while extensive post-marketing
investigations might only waste valuable resources that could
be better utilized elsewhere.

Theoretically, it is also possible that there is no relationship
between the incidence of congenital abnormalities and the
number of drug-induced pro-arrhythmia cases, and that the
number of arrhythmic episodes due to drug-induced QT
shortening is substantially larger than the incidence of short
QT interval in the general population. Nevertheless, it seems
reasonable to expect that if this were the case, there would
already be some clinical experience with such instances. This
is clearly not the case.

Mechanisms of drug effects

The vast majority of compounds that have so far been impli-
cated in TdP pro-arrhythmia have been found to block the
delayed potassium rectifier current, IKr. This is not surprising
because the IKr channel is known to have a peculiar geometry
with a large vestibule that can easily be entered and conse-
quently blocked by a number of different molecules. It is of
course known that not all the drugs that block the IKr current
have pro-arrhythmic properties. Nevertheless, in drugs that
affect the delayed rectifier, the IKr blocking mechanism
appears to be responsible for the dose relationship of the
pro-arrhythmic effects. With IKr blocks, the clinical effects are
more obvious with higher doses, irrespective of whether these
are caused by supratherapeutic administration or by meta-
bolic inhibition. This dose relationship is of substantial
importance as many drugs with TdP liability are pro-
arrhythmic mainly or solely at increased doses.

There is no such parallel known for drug-induced QTc
shortening. The geometric properties of the IKr channel and of
its large vestibule make the mechanisms of the drug-induced
QTc interval prolongation and drug-induced QTc shortening
clearly non-reciprocal. Similar considerations can easily be
applied to other channels with blocks and augmentations not
mirroring each other. Hence, our experience with the inves-

tigation of drug-induced QTc interval prolongation cannot be
so easily translated into drug-induced QTc shortening by just
assuming a simple reflection.

Mechanisms of ventricular fibrillation

Shah proposed that clinical cases of patients dying due to
drug-induced QTc shortening are missed (i.e. not recognized
as such) because they are hidden in fatal ventricular fibrilla-
tion. This theory is of course plausible, but not necessarily
true as there are no data to support it.

There are many other mechanisms of possible drug actions
that might be portrayed in similarly drastic scenarios. For
instance, it is well known that reduced heart rate variability
(HRV) is associated with increased risk of arrhythmic and
other adverse events in cardiac patients. This does not neces-
sarily mean that in addition to the thorough QTc studies, we
should also conduct thorough HRV studies investigating each
drug for its effects on cardiac autonomic regulation. The list of
drugs that affect HRV is as long as that of drugs that change
QTc interval duration. At the same time, the association
between drug-related HRV reduction and increased risk does
not appear to exist. As an example, in spite of its repeatedly
established benefits (Perna et al., 1998; Tepel et al., 2008),
amlodipine has been reported to reduce HRV (Zaliūnas et al.,
2005).

Similarly, we might easily speculate that drugs that increase
R wave voltage on the electrocardiogram (Pelliccia et al., 1991)
or those that increase the fractionation of the ventricular
electrogram (Saumarez and Grace, 2000) would be prone to
pro-arrhythmic mechanisms similar to those in hypertrophic
and dilated cardiomyopathies. In this proposal, there are sub-
stantial similarities to QTc shortening. The incidence of famil-
ial dilated cardiomyopathy (Codd et al., 1989; Manolio et al.,
1992) is larger than that of congenital short QT syndrome,
clinically healthy relatives of patients show subclinical abnor-
malities (Baig et al., 1998) and the disease is associated with a
clear risk of fatal arrhythmias (Jordaens et al., 1996). Further,
preclinical models identified R wave increases caused by drugs
and chemicals of known or assumed pro-arrhythmic proper-
ties (Sandusky and Meyers, 1985; Omran and Abdel-Nabi,
1997; Watanabe et al., 1999). Nevertheless, while the hypoth-
eses about adverse drug actions associated with these electro-
cardiographic changes might be as plausible as or even more
plausible than the hypothesis of QTc shortening causing
abrupt ventricular fibrillation, there is no evidence suggesting
that we should take them seriously. Consequently, developing
a concept of ‘thorough QRS complex studies’ in drug devel-
opment, and suggesting, for instance, that a reasonable limit
of R wave voltage increase is 200 mV with an upper confidence
interval of 500 mV, and so on, would clearly be much more
practically harmful than potentially helpful.

Existing experience with drug-induced
QTc shortening

Although, as already stated, drug-induced QT interval prolon-
gation is not necessarily equal to clinical pro-arrhythmia,
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every drug that has been found to prolong the QT interval
substantially (i.e. much more than the present regulatory
threshold specified in the E14 guidance) has also been found
to cause TdP arrhythmia in an appreciable number of cases.
(Jenzer and Hagemeijer, 1976; Davidenko et al., 1989; DeWitt
and Waksman, 2004). There are no exceptions; even amio-
darone, which is frequently misquoted as a counter-example,
causes TdP frequently (Hohnloser et al., 1994; Tran et al.,
1997; Yamada et al., 2001; Lim et al., 2006), although perhaps
less frequently than other anti-arrhythmic drugs. Hence,
without any exception, all drugs that prolong QT interval
more than trivially do cause TdP arrhythmia with a frequency
that is important both from a regulatory and clinical point of
view.

On the contrary, the drug that comes first to mind when
considering obvious and clear drug-induced QTc shortening is
digitalis (Ahnve, 1985; Saner et al., 1988). It shortens the QTc
substantially and in almost every patient. In spite of this,
while digitalis may cause other arrhythmic complications, it
is not known to trigger ventricular arrhythmias frequently
(Gheorghiade et al., 2004). Only very sporadic and isolated
reports of digitalis-related ventricular fibrillation are available
(Garberoglio et al., 2007). As these cases appear much less
frequently than, say, TdP induction by amiodarone, their very
low incidence convincingly suggests that their principal
mechanism must be different to the general, and thus much
more frequent, QTc shortening.

Reports of QTc shortening

It has been repeatedly acknowledged that Bazett’s correction
leads to artificial and erroneous QTc shortening in the pres-
ence of bradycardia (Figure 1). Indeed, when using Bazett’s
correction, one finds not only that beta blockers shorten QTc

interval (Malik, 2002), but the same applies to other drugs
and conditions that lead to heart rate deceleration. Thus,
many observations of QTc shortening deserve deeper scrutiny.
For instance, in the study of 53 neonates with congenital
hypothyroidism and 15 age-matched normal neonates for
controls, Asami et al. (2001) found not only a mean 25 ms
difference in QTc intervals, but also a mean 13 bpm difference
in heart rates, with statistical significances much stronger for
the heart rate than for the QTc comparison. They also applied
Bazett’s formula to the fairly high heart rates in neonates
(means of 148 and 134 bpm in the comparisons) where
Bazett’s formula, together with many other correction formu-
lae derived from adult populations, is clearly inappropriate.
Besides, while heart rate showed statistically significant cor-
relation with the serum levels of serum thyrotropin and free
thyroxine, this was not the case with QT/QTc intervals. Thus,
suggesting that there is evidence of QTc shortening due to
congenital hypothyroidism is not substantiated.

Moreover, the differences in QTc reported by Shah (2010) as
the support for his hypothesis of possible pro-arrhythmic
signs are in many instances difficult to project into practise.
For instance, the study of the electrocardiographic changes in
patients with idiopathic ventricular fibrillation found a mean
QTc shortening of 14 ms in male patients compared to con-
trols (and a mean QTc prolongation of 9 ms in female
patients), again all with Bazett’s formula (Viskin et al., 2004).
Similarly, the study showing association of short QTc interval
with epilepsy reported a mean QTc of 420 ms in controls,
410 ms in patients with symptomatic epilepsy and 392 ms in
patients with cryptogenic epilepsy (Teh et al., 2007). These
differences are not only much smaller than the magnitude of
QTc prolongation by some 80 ms (Honig et al., 1993) found in
cases of drug-induced TdP (as well as smaller than Shah’s
proposed thresholds for concern), but also not very dissimilar
from the QTc shortening seen frequently in thorough QTc
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uncorrected QT interval. The red circles show the Bazett-corrected QTc interval. Note that the range of the QTc (B) values is larger than the
range of QT values. While the accurate individualized heart rate correction (green diamonds) leads to a practically horizontal line of QTc
~384 ms irrespective of heart rate, Bazett’s correction leads to artificial QTc shortening at slow and QTc prolongation at fast heart rates. In this
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studies on placebo, most likely because of autonomic condi-
tioning effects (Figure 2).

Evaluation of thorough QTc studies

While the thresholds of 5 and 10 ms for the QTc prolongation
presently incorporated in the E14 guidance (ICH, 2005) have
been derived from serious studies of existing data of drugs
that do cause TdP pro-arrhythmia, the suggestions of the
thresholds of -15 and -30 ms do not have the same credibility
for QTc shortening. Shah derived them from simple compari-
sons of an assumed point estimate of a ‘normal’ QTc value of
430 ms and the thresholds for a significant QTc prolongation
(>500 ms) and shortening (<320 ms). Unfortunately, the
normal point estimate of 430 ms again comes from studies
that used Bazett’s correction. Because the majority of subjects,
especially hospitalized patients (Reinig and Engel, 2007) have
heart rates somewhat higher than 60 bpm, Bazett-derived QTc
is overestimated. When using more accurate individual cor-
rections, much lower normal QTc values are found. Indeed, in
an electrocardiographic study of more than 11 000 subjects,
Rautaharju and Zhang (2002) found the uncorrected QT inter-
vals of around 410 ms at heart rate bins close to 60 bpm.
Thus, the true normal point estimate of correctly calculated
QTc is approximately just in the middle of the abnormality
limits of 320 and 500 ms. Consequently, one could find the
exact inversion of E14 limits appropriate. Nevertheless, this is,
at present, clearly a step too far. While there are a number of
TdP-pro-arrhythmic drugs that lead to small QTc increases,
especially when administered at low doses (Malik and Camm,
2001), there is no such evidence whatsoever with drugs that
lead to minor QTc shortening.

Moreover, the categorical analyses of the incidence of sub-
stantially prolonged (and likewise, substantially shortened)
QTc interval are becoming presently rather outdated espe-
cially when new tight procedures for electrocardiographic

processing are used in the evaluation of thorough QT/QTc
studies. Pro-arrhythmic drugs are frequently found to prolong
QT interval above the mean E14 threshold while not leading
to a prolongation above 60 ms in any single electrocardio-
gram (Malik et al., 2009). Accurate electrocardiographic pro-
cessing also allows conducting the thorough QTc studies with
a small number of subjects, hence decreasing the probability
that the study population would include an individual with
particular susceptibility to drug effects. Thus, the QTc outlier
analysis is presently of diminished value, especially if trying
to detect drugs with less than monumental effects on cardiac
repolarization.

Thorough QTc studies and QTc shortening

Practically, all new pharmaceuticals are now investigated in
thorough QT/QTc studies, and this requirement is likely to
remain in place for the foreseeable future. Unfortunately,
expectations of replacing the QTc interval evaluation with
other ECG biomarkers, such as T wave morphology changes,
are failing to materialize (Malik, 2009). The observation of
drug-induced QTc shortening will thus be made from time to
time, and no drug that shortens ventricular repolarization will
go unnoticed.

There are good regulatory reasons to request detailed ECG
evaluations of drugs that marginally or moderately prolong
QT interval (i.e. above the E14 threshold) during phase III
clinical studies. However, it is not presently obvious whether
anything useful would be gained from similar ECG evalua-
tions of drugs that cause marginal or moderate QTc shorten-
ing. Potentially susceptible patients seem to occur so
infrequently that they could be easily missed, even in the
largest of clinical programmes. Risk–benefit evaluation is
helped by evaluation of categorical QTc prolongations from
phase III studies, but because of the likely low incidence, this
would not be the case with QTc shortening. Hence, simple
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statement of the fact in the drug label would be enough so
that when prescribing the drug, physicians are reminded
about the very rarely occurring cases of congenital short QT
syndrome. Apart from this basic statement of the fact in the
label, there is presently no obvious reason to treat drugs that
marginally or moderately shorten QTc any differently to
drugs that have no effects on ventricular repolarization.

The recently approved label of rufinamide is an example of
such a pragmatic approach. The rufinamide label rightly
states that the degree of QT shortening induced by the drug is
without any known clinical risk (Eisai, 2008).

Conclusion

All these comments do not mean to say that a massive effect
on cardiac repolarization by a pharmaceutical compound
should be taken lightly, irrespective of the direction of the
QTc change. If a drug causes a truly large QTc shortening (e.g.
by an average of 50 or 60 ms), its safety must be seriously
considered because cardiac electrophysiology is clearly dra-
matically affected. With much lesser changes, the situation is
very different. Mechanisms that can lead to small QTc
decreases are manifold, and their safety implications are
either none or poorly understood. It would of course be
wrong to state that drug-induced QTc shortening is not an
issue. Similar to the opposite view, there is no evidence for
such a statement. Nevertheless, before we embark on regula-
tory implications and before we build yet another hurdle to
drug approval (with potentially practical and economic impli-
cations), much more evidence is needed, so that we are not
just dealing with a purely hypothetical situation, a mirage. It
would be most unfortunate if drug-induced QTc shortening
becomes important for the pure and simple reason that it is
perceived to be important.
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